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LOW-SPEED WIND-TUNNEL TESTS OF A PILOTLESS ATIRCRAFT HAVING
HORIZONTAL AND VERTICAL WINGS AND CRUCIFORM TAIL

By N, Mastrocola and A. Assadourian
- SUMMARY

Low~gpeod tosts of a pilotless ailrcraft were conducted in the
Lengley propeller-research tupnel to provide informastion for the
estimation of the longitudincl stabillty and control, to measure
the alleron effectivensgs, and to callbrate the radome and the
Machmeter pitot—statlc orifices.

It was found that the model possessed a shable variation of
elsvator angle required for trim throughout the gpeed range at the
design angle of atteck, A comperison of the airplane with and without
JATO units and with an elternate rocket booster ghowed that a large
loss in longltudinal stability and control vesulting from the eddition
of the rockset booster to the aircraft was sufficient to mske the
rocket—boogter assembly unsstisfactory as an alternate for the JATO wmits.

Reversal of the alleron effectiveness was evident at positive
deflections of the vertical wing flap indicating that the roll-
stebilization system would produce rolling moments in a tight right
turn contrary to its design purpose.

Vertical-wing—flap deflections caused large errors in the static—
pressure reading obtained by the original gtatic-tube installation.
A practical instellation point on the fuselage was located which should
" yleld relisble meagursment of the free—stream static pressure.

INTRODUCTION

Lowv—apoed wind—tunnsl tests of a pllotless alrcraft having hori-
zontal and vertical wings and a cruciform tail were made at the
Langley propellsr—research tunnsl. These tests were mnde to provide
information for the ostimstion of the longitudinal stebility and
control, to measure the alleron efféctiveness, and to calibrate the
radome and the Machmeter pltot—static orifices,
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The alrcraft, powered by rockets located in the tail, is
designed so that a Machmeter regulates the rocket thrust to maln—
tain the flight speed at a Mach number of approximately 0.85. The
alrplens ls intended to fly st zero angle Gf etbtack relylng on
pressure differentlals set up at the radome orifices to effect
proper chenges in the control surfaces.  The cruciform-tail control
surfaces fulflll the function of both rudder and elevator. The
horizontal wing flaps are used to provide 1ift control, whereas
the vertical wing flaps are utilized for turns. Allerons are also
provided for roll stebilization. '

The tests reported herein provide information for the estimation
of the longitudinal stability and control of the model with and with—
out JATO units. Similar tests were performed with a rocket-boosgtor
assenbly as. an alternate for the JATO units. Data sre presented for
tests made to evaluate the effects of components of the aircraft.
Date relative to the aileron effectivensss, vradoms pressure~orifices
calibration, and Machmeter pitot—static. orifices calibration are also
presented. '

.SYMBOLS
Cr, 11t cosfficient (-I‘—)
WS/
C dr fficient D
D ag Ccoe clexn -q':—o—g
Ca pltching-moment coefficlent with moment center at plvot
oint
by =y
Gmc g pliching-moment coefficlent with moment center at deslgn c.g.
. 8. - M C
of configuration 8
gqSc .t
Cz rolling-moment coefficient —~§;
o qo

Cn horizontal~wing-flap hinge-moment coefficient -—-31—75

g | AoPrCyr
P =D, : _ . |

gtatlc—~pressure coefflcient

Qo }

H-~p
2 total-pressure coefficient
q-o )
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1ift
drag
pitching moment about pivot point '
Mc. g. pitching moment about design center of gre.vity of conflgura—
tion (See table I.)
Lt rolling moment
B hings moment
S horizontal-wing srea {10.9 sq £%)
c horizontal—wing chord (1.77 £t); also mean serodynamic chord,
M.A.C. ' :
b -horizontal-wing span (6.17 £t)
be horizontel-wing—flap spen, ﬁo‘ba.l for two, (54.85 1in.)
Cp horizontal-wing—flap chord (4.24 in.):
dq free—:stream dynamic pregsure
Yo free—stream gtatlc pressure
H local total pressure
P local gtatic pressure
o angle of attack of fuselage center 1lins, degrees
SfE horizontal-wing-~flap d.eflection, positive when trailing
: odge is deflected downward, degrees
va vertical-wing-flap deflection, positive when trailing
edge 1ls deflected to the left, degrees
B¢ elevator deflection, positive when trailing edge is

deflected downwerd, degrees

APPARATUS AND TESTS. -

The ailrplane as Installed in an inverted position for testing
in the propeller—-research tunnel 1s shown in the photographs of

e )
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figure 1, TFigure 2 presents a three-view drawing glving the principal
dimenslons and characteristics of the model. Although the JATO units
and rocket—booster assembly were not tesgted together nor are they
intended to be used in conjunction with one another, they are shown
mounted simultaneously for illusgtrative purposes. The test model

was a full-scale production ailrcraft stripped of its operational

and propulsive equipment. The fuselage was of flush-riveted sheet
aluminum-alloy construction and the wings were aluminum—slloy
extrusions. The alrcrart had a production finish for these tests.

Some details- of the control surfaces are glven in figures 3 and U,
No serodynamic balence is incorporated in the design of either the
wing flaps or elevators and the gaps were unseeled. The taill control
surfaces were deflected only ag elevators during all the teosts reported
herein, The ailerons, coneisting to two small lifting surfaces
retractable into the tips of the vertical wing (fige. 5(a) and 5(c)) 8
incorporated an NACA 16209 airfoil section set at an incidence of 4°
to the wing chord with the nose of the slleron to the left. These
allerons are part of the roll-stabilizing system of the slrcraft and.
extend. individually to counteract any rolling disturbance.

The model was inverted during tests to obteln the range of angle
of attack desired and supported in bell beerings at fuselage stetion 78.2
on a gingle strut affixed to the six-component balance system of the
propeller-research tunnel. The motion of the model in pitch was
restrained by a "nose" wire {fig. 1(e)) which wae attached to a scale
to meesure pitching moment. A "taill" wire (fig, 1(c)) was used for
the seme purpose dvring tests with the rocket-booster assembly sttached.

A meesure of the rolling moments during the aileron-effectiveness tests

was obtained by the use of wires from the horizontal wing tips. (See
fig. 1(4).) Horizontal-wing-flep hinge moments were measured with
electrical strain gages installed onm the control linkages; excesaive
friction in the tall-surface bearings, however, prevented measurement
of the elevabor hinge moments, .

Removel of the upper vertical wing during all teste wag necegsi-—
tated by mounting exlgencies and the wing attachment fittings were
covered with sultable fairings.

Pitot end static tubes were provided with the model (fig. 5);
the pltot in the lower verticael wing and the sgtatic in the upper
vertical wing. . Since the upper verticel wing was removed during
these tests, the static orifice was tested by replacing the lower
with the upper vertical wing (alleron-effectiveness tests were also
mede with the model in thils condition). The flush sbatic~tube exit,
modified to extend 1 inch aft of wing trailing edge (fig. 5(c)), was
tested in an attempt to reduce the effects of flap deflection on the
static-pressure measurement., -A swurvey was made for the same purpose

RN NTET R ——
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to locate a sultable fuselage static~pressure orifice on a longi~
tudinal line 45° from the fuselage—wing intersection.

To avold separation that woifld occur. in the ebaence of the
rocket Jet, due to the blunt fuselage tail -1 fuselage tail cone
(f1g. 1) was installed. S

The radome consists of fourflush statio orificea mounted on
the nose of the fuselage. The distribution of the orificek which
are part of the angle—of—antack control mechanism is indicated in
flgure 2. .

A summery of the tests, all of which were msde at.a tunnel
alrspeed of approximestely 100 miles per hour, is givern in table I.
The range of varisbles tested 1s as follows: - angle of attack, &0
to 10°; wing~flap angle, —55° to 55°; snd elevator angle, —20° to 20°,

RESULTS AND DISCUSSION

The test data, corrected for jJjet-boundary and tare drag effects,
are plotted as nondimengional coefficisnts baged on a mean serodynamic
chord of 1,77 feet, a wing area of 10,90 squere Teet, and a wihg span
of 6.17 feet. Sign conventions relative to forces, moments, and
surface deflections used throughout this report are given in Tigure 6
and apply to the model i1n the upright attitude. Throughout the following
dlscussion, the model and its components are always referred to in tae
upright attitude.

Longitudinal Stebility and Control

In the following sections, data are presented for the estimastion
of the longitudinal stability and control of the airplane with and
without JATO vmits, Similar data are presented for a rocket-boogter
aggembly a8 an alternate to the JATO units,

Pitching-moment coefficlentsg .are presented about the pivot point
and also about the design center. of gravity for each configuration,
(Ses fig. 2. ) Faired veluss of Cp,. Cp, and Cp were used in the

transfer of pitching moments to the ceonter of gravity.
Because all tests were made with the upper vertical wing removed,
a wing-tare test was made with the lower vertical wing in place and

removed in order to eveluate the effects of ons-half of the vertical
wing on the aerodynamic characteristics. These datz, presented in

SSmOSNELDENTTIAT,



6 OO NACA RM No, L6J18a

flgure 7T, indicate that the lower vertlcal wing head practically no
effect on the pitching-moment-coefficient curve but increased the drag
coefficlent by an amount ranging from O to 0,03, The drag-coefficlent
Increment resulting from the ebsence of the ypper vertical wing during
all tests has not been corrected for since thore does not appear to be
a consistent variatlion of the increment with angle of attack or flap
deflection. _ '

Addition of the lower vertical wing produced a small Increase of
the 1ift coefficient for all flap angles and sngles of attack. (See
Pig. 7(a).) It is uncerteain, however, as to whether the increase in
1ift would be lost or doubled with both vertical wings in place, since
the phenomene inducing the increage are not understocd. For this reason
and because the lift—coefficient increments mre of the same magnitudo
as the test-point scatter, the lift data presented herein have not been
corrected for the ebsence of the upper vertical wing during thle inves—
tigation.

Complete model .~ The aerodynemic characteristics of the alrplane
are shown in Pigures 8, 9, 10, and 11 for several horlzontal-wing-flap
and elevetor deflections. (Several curves and test points were omitted
when they were consldered to be inconsistent with other results.)
Several significant aerodynemic characteristics were determined from
these date at the condition a = O°, Bpy = 0%, end B = 0° amd

are tebulated helow:

Slope of 1ift curve, &Cr/da, figure 8(c) . . .. .. .. . . 0.060
Drag coefficient (minimm), figuwree) . . . . . + ¢« « « + . » 0.030
Slope of pitching-momont curve, dCps o /dC;, flgure 11{c) . . -0.36
Elevator effectivensss, d.Cm/dae, figure 10(c). .+ « . . . . .—0.039

Horlzontal-wing~flap effectivensess, dc%/ESfH, figure 8(c), . 0.012

Thess characteristics, with the exception of drag coefficlent, are
essentially unaffected by horizontel-wing-flap or elevator deflection.

The variation of elevator deflection required for trim with 1ift
coefficlent for various horizontal-wing—flap deflections lg shown in
figure 12, A stable varilation of elevator deflection ig indicated
throughout the speed range except for the highest 1ift coefficient
with Bep = 550 where the slope .is zero. It is aldo noted that the

higher flap deflections (Bpgy = £55, U45) tend to decrease the steble
variation.

Mode) with JATO unitg.— Lift, drag, piltching-moment, end horizontal-
wing~flep hinge-moment coefficlents obtained with the JATO units attached

ONREDENTTAL
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are pregsented in figure 13 as a function of angle of attack with,
horizontal-wing-flap deflection as a paremeter at &y = 0°,

Pitching-moment coefficients, tra.nsierred to the design center
of gravity with two loaded JATO units, are presen‘be& in figure 14
plotted against 1ift cosfficlent, . .

A comparison of these date with those of figures 8, 9, 10,
and 11 indicates that the addition of the JATO wnits to the a.irola.ne
(at o =0° and By = 0°) causes s decrsass of 0.002 in the lift—

curve slope, a decreasge of 0.002 in the horizontal—wing—flap effective—
ness and an increase of 0.048 in the minimum dreg coefficient. The
slope of the piltching-moment-—coefficient curve dC g /d.CL is

algo reduced from 0.36 to 0.1h.

The value of d.Chf /d.sf maasured at o= 0° (fig. 13(c)) is
~0,0076 with d.Chf /der. at @ =0° varying from 0,006 at SfH o°

to ~0.0025 at By = 30° and -0.0020 at afH = 55°. . These values

are in gensral agreement with those éxpected. from a plain unbalanced
control surface.

Model with rocket-—booster assembly.— The results for the model
*with the rocket-booster assembly attached are given in flgure 15,
while data with the moment center transferred to the design center
of gravity (251.4k-percent mesn serodynamic chord aft of wing leading
edge) are presented in figurs 16. _

A comparison of the data with rocket—-booster installed, :f'or a = 09
8g = 0%, and sfH 0°, with those for the model with and without

JATO uwnits 1s given in the followingtable:

. Without JATO With JATO With rocket |
_ or rocket booster unit “booster
4Cy,/da 0.060 0.058 0.064
Cp (minimum) .030 .078 .23k
W, o /acL —-.36 =Lk N  .36
dcm/ase ~.039 ———— -0
a0y /a8, .012 - .010 .002

T SORREENTTAE
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In view of the large loss in longitudinal stebility and control
resulting from the additlon of the rdacket-booster assenmbly,it is
evident that the booster ls serodynemically unsatisfactory 88 an
alternate for the JATO units.

The curves of pitching-moment coefficient sbout the design
center of gravity (fig. 16) indicete an unstable variation is
obtalined for low and negative 1ift coefficients. This instability
is meinly a result of the extrems rearward position of the center
of gravity.

Ths horizontel-wing-flap effectivensss, the effect’ of flap
deflection on trim, and the elevator effectivenesa for the model
with the rocket booster are compared to other model. conflgurations
in Pigures 17, 18, and 19, respectively. The decrease in wing-flap
effectivenscas causea by the rocket booster (fig. 17) is a result of
adverse load on the large area of the rockeit~booster amsembly which
ils produced by the downwaeh from the wing. Thie effect not only
reduces the flap effectiveness but also Introduces large trim changes
when the flaps are deflected. (See fig. 18.) The large decreame in
elevator effectiveness.(fig. 19) results from the zdverse pitching
moments produced by the downwagh aft of the tail., This loas in
elevator offectiveness combined with the excessive trim changss mede
1t impossible to trim the aircraft with booster attached except
possibly for small horizontal-wing-flap deflections.

Because of model symnetry the pltching-moment coefficlent with
the booster attached at a = O, By = 0, and 5fH = 0 wowld be

expected to be zero; however, the results in figure 16 show a large
pitching-moment coefficient in this condition.: It is beliesved that
the method of model support and the relatively weak rocket—beoster
attachmont fitting resulted in asymetry between the model and
booster.

Effects of Components

Model with tail removed.— The sercdynamic characteristics of
the model with the vertical wing and taill assembly remcved are
given in figure 20 for several horizontal-siing-flap deflections. .
These data for Bp = 0° sre replotted in figure 21 to show the

contribution of the tall to the =serodynamic characteristics. The
data for the conflguration with wings and tell removed are also
presented in this figure for comparison. The tall assembly com—
tributes an incremse of 0,007 to the lift-curve slope and o decrease

of 0.045 to the pitching-momerd curve slope (dCp/da).
i oo~ et
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The role of the tall in reducing the trim changes resulting
. from horizontal-flap deflection is indicated in figure 18, The
dowvnwash changes at the tall,which bring ebout this reduction in
trim chenges,also cause the over—sll effectiveness of the wing
Flaps to be reduced. {See fig. 17.)

Effect of tall cone.- Lift, drag, and pitching-moment coef-
ficlents for the fuselage alone with and wlthout the fuselage tail
cone fairing (figs. 1(f) and 1(g)) are glven in figure 22 as a
function of angle of attack. These dafa indicate changes in the
serodynamic charscteristics which would result when the mein rocket
power is expended. The most significant of these changes is the
increese in minlmum drag coefficient amounting to 0.015. There is
no 1ift change but a slight dscrsase In -instability.

Ailleron Effectivensss

Rolling-moment coefficients for various wing-flap and alleron
deflection combinations are shown in figure 23. Aileron effectiveness,
determined as the difference in rolling-moment coeffilcierit with the
aileron retracted and extendsd, 1s shown in Ffigure 24 as a function
of verticsl-wing-flap angle. Since some difficulby was encountered
in measuring these smsll values of alleron effectiveness, care should
- be exercised in the guantitabtive use of .these data. Scatter of the
test and check points (fig. 23) indicate an acouracy in rolling—
moment coefficient .of approximately +0.002, Reversal of aileron
effectiveness, however, is alweys evident at positive: deflections of
the vertical wing flap. This would indicate that the rollr
stabilization system in o tight right turn would produce rolling mamenss
contrary to its design purpose. A consideration of the flow at the
wing tip as effected by the vertical wing flap provides a qua_itative
check of the data, )

Pitot-Static Calibration o,

The design purpose of the Machmeter is to regulate the aircraft
speel by controlling the rocket thrust. It 1s important, thersfors,
that the Machmster pltot—static tubes accurately msasure the free—
stream totel and static pressures under all conditions.

Original dnstallation.— TotaLAPressure coefficients obtained
with the wing pitot tube are shoéwn in flgure 25 and the static-— "
pressure coefficients obtained with the wing static tube are shown
in figure 26. The total-hesad. copfficient.does not ettain the full
valus of q, due to the slight variation of total heed across the

-
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tunel alr stream. The varlation of total head with angle of attack,
however, 1s lesg than 0,01 Q-

It can be noted in figure 26 thet -the verticsl-wing-flap
deflections caused large undesirable chenges in the etatic—pressure
readings: from 0,515 q, to 0.175 g, &t o = 0°. Measurements

mads with the modified wing-static—tube exit (included in fig. 26)
show that the modification dld not sufficlently remove the exlt
from the Infivence of the vertical wilng flap,

Fusgelage static—pressure survey.-— Because the original statie—
pressure orifice installation was shown to be unsuiteble for its
desgign purpose, a survey was made to locabte a positlon on the fuselags
which would yleld & more reliable measure of the free-stream sbtatilc
pregsure. The variation of static~pressure coefficlent, measured at
several Tuselage sbtatlons, with angle of abtbtack are shown in figure 27
for various combinations of vertical— and horizontal—flap deflections.
The maximum variation of these presmsure coefficlents for the range of
variables tested is glven in figure 28 plotted againgt fuselage
station. It ie noted that the variation decreases as the .distance
Forward of the wing lncreases, that lg, as the influence of the wing
and wing fleps decreases. Ths smallesgt maximum variation was observed
at station 54.82 inches from the fuselage nose and ie only 0.05 g,

indicating that such a gtatic-tube location would yield a fairly
relieble measure of the free—streem static pressure under all condi-—
tions tested. With a view toward providing a practical installation
- point on the sérvice aircraft, measurements wers obtained at fuselage
station 52,91 and are shown in figure 29. The maximum variation of
static-presesure coefficient at this polnt, about 0.035 Ags is in

accord with the above and therefore should slsd yield relisble measure—~
ment of the free-sbream statlc pressure.

Fuselage statlons farther forwerd may provide still smeller maxi-—
mum veriatlons in static pressure readings, It eppears, however,
that the permissible digbtance 1s very limited because the radius of
curva?ure of the fusslage is decreasing toward the nose.

Redome Calibration

The calibraiion of the redome pressure orifices ls given in
figure 30(a) plotted ageinst angle of.atback and the pressure
differential avallable for the angle—of-ettack control mechaniern
is preserted in figure 30(b). The curves are fairly linear, There
is no apparent reason for the difference between the two curves of
pressure dlfferential; 1t is believed, however, that small menu—
facturing irregularities on the surface.in the region of the orifices
may be responsible.

"
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CONCLUSIONS

1. The airplene possesses s stable variation of elevator angle
required for trim throughout the aspeed rangs at the dsslgn angle of
attack.

2. The comparison of the model with and wilthout JATO units and
with the altsrnate rocket—booster assembly showed thet the loss in
longitudinal stabillty end control resulting from the addition of
the boosgter to the alrcreft ls sufficient to mske the rocket—booster
asgembly aerodynamicsally unsatisfactory as an alternate for the
JATO units.

3. Revergal of the alleron effectlivensas was evident abt posltilve
deflections of the vertical wing flap Indlcating that rcll—stsbilization
system ip a tight right’ turn would produce rollling moments contrary
to its design purposs.

b, Vertical~wing-Fflap deflections caused large changes in the
static—pressure reeding obtained by the originsl static-tube installa—
tion. :

5. A practical installation polnt on the fuselsge at station 52.91
was located which should yleld relisble msasursment of the free-sbtream
static pressure.

Langley Memoriasl Asronautical Laboratory
Nationsl Advisory Commitiee for Asronsubtics
Lengley Fleld, Va.



TABLE I,— JUNMARY OF TRSTS

Center=of-gravi
Configuwration Variables position, gorcen
M,AC,
Lower Rocket- | Vertical |Horirontal|{ Elevator fEi Figure
Testa vertical | Hordzontal Teil JATO | booster | wing Flap|ving-flap angle | Aft wing Bsloy | neferences
wing wing ssnembly | vnits | nssambly| angle angle (deg) leading | fuselege
(aog) | (aeg) edge g
Wing tare ore on Om ore ore ——— -gfs) to 0 ———mt | —— | T
on on on orr orr Q _'55553 to -gg to 19.8 0 8 through 12
Longi tudinal
,stability on on cn on off 0 0 to 0 19.8 16.7 13, 1%
and ooxtrol 55
on on on ore on 0 0 to -20 to | 251.% 0 15, 16
55 20
ore on off orft orr — e —— |55 toO —_——— 19.8 4] 20
Cntribution 55
of components
oft ofr ore ofe orr —_———— ] ————— ] ———— 19.8 0 22
Alleron (1) on on ore ore ~56 to  [-60 to 0 ————  |———— | 23, 2k
effectivensss 55 60
Pitot oali- On on on ors ofse ] 0 a e —— | ———— | Ph
bration
Statioc- cali~ (1) on on ore ore -60 to 0 0 —~——  |——=——| 26 through 29
bration 60
Radoms cgll- On Op on ord orr 4] 0 0 —_———— | ——— 1 30
bration

ilover vertical wing replsced with upper vertical wing,

®Center-of-gravity posmition given is furthest aft for each configuration,

NATIORAL ADVISORY
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(2) Complete model.

Figure 1.~ The airplane mounted in the Langley propeller-research tunnel, inverted
and with the upper vertical wing removed,
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(b) JATO units attached.

Figure 1.- Continued.
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() Rocket-booster assembly attached.
Figure 1.- Continued.
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(@) Wing-tip wires installeq,
Figure 1.~ Continueq,
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Figure 1,- Continued.
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(g) Lower vertical wing, horizontal wing, tajl assembly, and
fuselage tail cone removed (fuselage alone).

Figure 1.- Concluded. AONELLENinkd,
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present investigation.
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(a) o, = -15°.

Figure 8.- Variation of lift coefficient with angle of attack for
various horizontal flap and elevator deflections.
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Figure 9.~ Variation of drag coefficient with angle of attack for various
horizontal flap and elevator deflections.
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Figure 10.- Variation of pitching-moment coefficient with angle of
attack for various horizontal flap and elevator deflections.
Moment center at pivot point.
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Figure 13.- Aerodynamic characteristics of the airplane with
JATO units attached. 5, = 0°. Moment center at pivot point.
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attached. Moment center at 251.4 percent M.A.C. aft of wing
leading edge.
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Figure 21.,- Contribution of components of the airplane to the
aerodynamic characteristics; all control surfaces neutral;
upper vertical wing removed. Moment center at 19.8 percent
M.A.C. aft of wing leading edge.
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Figure 22.- Aerodynamic characteristics of the airplane, fuselage
alone. Moment center at pivot point.
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Fig. 27a
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NACA RM No. L6]18a Fig. 2c
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Fig, 28 NACA RM No. 1.8j18a
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Fig. 30b
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